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Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor the University of California nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any
specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States Government or the University of California. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States Government or the University of California,
and shall not be used for advertising or product endorsement purposes.



Introduction

The sputter deposition process can be used to create nanostructured materials that possess continuous

open porosity. Characterization of sputter deposited metals and metal-oxide coatings are presented.

Part 1 — Porous Nanostructured Metals

Porous films are of interest in several electrochemical systems, as in polymer exchange membrane and
solid-oxide fuel cells. Thin film fuel cells by microfabrication processes have progressed to demonstration.[1,2]
Porous thin films are used to reform hydrocarbon fuels and to function as conductive electrodes. For catalytic
functions, in particular, the control of a three-dimensional structure at the nanoscale provides the means to
produce materials with an ideal surface area to volume ratio. A ratio much greater than found in materials as
produced by either conventional powder processing or as produced using photolithographic patterning and
etching.[3]

Recently, a physical vapor deposition method has been developed to produce metallic films with
continuous open porosity at the nanoscale.[4] The experimental parameters needed to control the porous
nanostructure are found to be tractable and generic for many metals. In general, structural morphologies found for
conventionally sputtered coatings can range from porous columnar to dense polycrystalline. The transition in
morphology through four zones of growth occurs with increasing substrate temperature and sputter gas pressure.
Zone 1 has a structure consisting of tapered crystallites separated by voids. A transition Zone T has a structure
consisting of densely packed fibrous grains and a smooth surface. Zone 2 features continuous columns from the
substrate to a surface characterized by crystalline facets. Lastly, Zone 3 represents the recrystallized grain
structure. The primary effect of increased temperature is an enhancement of surface and bulk diffusion.

A new growth zone for the stabilization of a porous nanostructure is seen as a variant of Zones T and
2.[4] A three-dimensional polycrystalline deposit with continuous open porosity is produced under the general
conditions of an increased working gas pressure and a substrate temperature approximately half the absolute
melting point. The open-porosity morphology is demonstrated in as-deposited nanostructures of nickel.[4] New

results are presented for copper — a base metal used in several catalytic materials for the direct reformation of
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methanol. The use of a moderate sputter gas pressure and an elevated substrate temperature yields a
nanostructured metal with open porosity, i.e. a metallic sponge. The moderate sputter gas pressure creates a range
of incident angles for deposition and the elevated temperature promotes a faceted crystalline growth. Results for a
5 um thick copper coating are seen in plan view (Figs. 1-2) and cross-section (Figs. 3-4). Of interest, is the

coarsening in grain size that occurs from the substrate through the cross-section to the surface.

Part 2 — Nanostructured Membranes for Catalysis

Porous films in the form of nanostructured membranes are of interest in several electrochemical systems,
as for use as electrodes in polymer exchange membrane and solid-oxide fuel cells. Over the past decade, solid-
oxide fuel cells produced by sputter deposition as thin film layered structures [2,5] have progressed from a one
milliamp output at 300 °C to demonstration as microfuel cell devices [6] capable of providing an output power at
600 °C of several hundred milliwatts per square centimeter. More recently, sputter-deposited porous membranes
have generated interest for use in microfuel cells as electrodes [4,6] (Fig. 5) and as catalysts to reform
hydrocarbons as methanol.

Nanostructured membranes for catalytic functions, in particular, require optimization of a three-
dimensional structure to provide functional materials with an ideal surface area to volume ratio. The
nanostructured membrane can potentially yield a much greater ratio than found in materials as produced by either
conventional or unconventional powder processing [5] or as produced by using photolithographic patterning and
etching [2]. Recently, through the development of a physical vapor deposition method [4], metallic membranes
have been produced with continuous open porosity at the nanoscale. The experimental parameters needed to
control the porous nanostructure are found to be tractable and generic for many metals including gold, silver,
nickel, and aluminum.[4]

The result presented for depositing porous nanostructured copper (Fig. 4) provides the basis for
synthesizing copper alloys that are of interest for use as catalytic materials. Specifically, copper-zinc-oxide is a
known oxide compound widely used for the direct reformation of hydrocarbon fuels at low temperatures. A

porous nanostructure is found in a several-micron thick copper-zinc-oxide coating, sputter deposited from a



copper-zinc alloy target using a partial pressure of oxygen, as shown in a scanning electron microscopy (SEM)
image (Fig. 6). The analysis of an energy dispersive spectrometry (EDS) scan that corresponds with this coating

reveals the composition to be Cu-19%Zn-14%0.

Summary

Sputter deposition is a method used to prepare nanostructured metals and membranes with continuous
open porosity. Examples are shown in applications as electrode and as catalytic membranes for energy conversion
microdevices. This work was performed under the auspices of the U.S. Department of Energy by the University

of California, Lawrence Livermore National Laboratory under contract No. W-7405-Eng-48.
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Fig. 1. The plan view image of copper produced from deposition at high temperature and sputter gas pressure.

Fig. 3. A fracture cross-section shows the coarsening in crystal size through the porous copper coating.



Fig. 4. A higher magnification view (of Fig. 3) reveals the porous assembly of copper nanocrystals that forms at
the base of the sputter deposited coating.

Fig. 5. SEM images of porous electrodes of (a) Ni, viewed in cross-section, and (b) Ag, in plan view, that were
deposited at high temperature and sputter gas pressure.

Fig. 6. SEM image of a Cu-Zn-O porous membrane, in plan view, that was reactively sputter deposited for use in
catalytic hydrocarbon reformation.
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